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OXIDATION AND VOLATILIZATION FROM TANTALUM ALLOY
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7DQWDOXPDOOR\VDUHRQHRI WKHUHIUDFWRU\PHWDOVZLWK
UHQHZHG FRQVLGHUDWLRQ IRU KLJK WHPSHUDWXUHV LQ IXVLRQ
UHDFWRU DSSOLFDWLRQV  7DQWDOXP DOOR\V SHUIRUP ZHOO LQ
SURWHFWLYH HQYLURQPHQWV EXW DUH R[LGL]HG UHDGLO\ LQ JDVHV
FRQWDLQLQJ KLJKHU R[\JHQ OHYHOV  ,Q DGGLWLRQ WKH
UDGLRDFWLYHLVRWRSH7DZRXOGEHSURGXFHGLQWDQWDOXP
DQGFRXOGEHDVLJQLILFDQWFRQWULEXWRUWRGRVHLIPRELOL]HG
2WKHU LVRWRSHV RI LPSRUWDQFH DUH SURGXFHG IURP WXQJVWHQ
DQGKDIQLXP0RELOL]DWLRQRIDFWLYDWHGSURGXFWVGXULQJDQ
DFFLGHQWZLWKDLULQJUHVVLVWKHUHIRUHDVDIHW\LVVXH,QWKLV
VWXG\ ZH PHDVXUHG WKH H[WHQW RI R[LGDWLRQ DQG
PRELOL]DWLRQ IURP WDQWDOXP DOOR\ 7 R[LGL]HG LQ
IORZLQJDLUEHWZHHQDQGGHJUHHV& 7KLV DOOR\
QRPLQDOO\FRQWDLQVZWWXQJVWHQZWKDIQLXPDQG
ZW FDUERQ :H IRXQG WKDW WKHPRELOL]DWLRQ RI 7D
DQG +I ZDV FORVHO\ OLQNHG WR WKH RFFXUUHQFH RI R[LGH
VSDOOLQJ  7KHVH HOHPHQWV VKRZHG QR PLJUDWLRQ IURP WKH
WHVWFKDPEHU6RPH:ZDVPRELOL]HGE\YRODWLOL]DWLRQDV
HYLGHQFHG E\ WUDQVSRUW IURP WKH FKDPEHU  7XQJVWHQ
YRODWLOL]DWLRQFRXOGRFFXUSULPDULO\GXULQJLQLWLDOVWDJHVRI
R[LGDWLRQEHIRUH WKH IRUPDWLRQ RI DQ R[LGH VFDOH LPSHGHV
WKHSURFHVV 7KHPRELOL]DWLRQRI7DDQG:DUHSUHVHQWHG
LQ WHUPV RI WKH PDVV IOX[ JPK DV D IXQFWLRQ RI WHVW
WHPSHUDWXUH  7KHVH PHDVXUHPHQWV DORQJ ZLWK VSHFLILF
GHVLJQV DFWLYDWLRQ FDOFXODWLRQV DQG DFFLGHQW VFHQDULRV
SURYLGH LQIRUPDWLRQXVHIXO IRU GRVH FDOFXODWLRQV RI IXWXUH
IXVLRQGHYLFHV
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([WHQVLYHHIIRUWZDVGLUHFWHGGXULQJWKHPLG¶VWR
GHYHORS WDQWDOXP DOOR\V IRU XVH IRU VSDFH QXFOHDU UHDFWRU
V\VWHPV  0LQRU R[\JHQ FRQWDPLQDWLRQ LQ WKH DOOR\V
SURPRWHGFRUURVLRQLQOLTXLGOLWKLXP,PSURYHPHQWVZHUH
DFKLHYHG E\ DOOR\LQJ VPDOO FRQFHQWUDWLRQV RI KDIQLXP WR
FRPELQHZLWK WKHR[\JHQ $OOR\7 UHSUHVHQWVRQHRI
WKHVH LPSURYHG DOOR\V  7XQJVWHQ KDIQLXP DQG D VPDOO
DPRXQWRIFDUERQZHUHDGGHGWRLPSURYHKLJKWHPSHUDWXUH
FUHHSVWUHQJWK6XFKDOOR\VKDYHUHFHLYHGUHQHZHGLQWHUHVW
ZLWKLQ WKH IXVLRQ FRPPXQLW\ IRU XVH LQ OLTXLG PHWDO
FRRODQW V\VWHPV  3RWHQWLDO PRELOL]DWLRQ RI DFWLYDWHG
SURGXFWVGXULQJRSHUDWLRQRUDFFLGHQWVZLWKDLULQJUHVVLVD
VDIHW\ FRQFHUQ  7DQWDOXP DOOR\V UHDGLO\ GLVVROYH R[\JHQ
DQG R[LGL]H DERYH &  2[LGDWLRQ NLQHWLFV DUH
FRPSOH[O\ LQIOXHQFHG E\ R[\JHQ OHYHOV R[\JHQ
GLVVROXWLRQ DQG WKH QXFOHDWLRQ DQG JURZWK RI YDULRXV
VXER[LGHV DQG VHYHUDO R[LGHV IURP GLIIHUHQW R[LGDWLRQ
VWDWHV$QR[LGH VFDOH RI D ȕSKDVH RI7D2 XOWLPDWHO\
IRUPV DW KLJK WHPSHUDWXUHV DQG R[\JHQ OHYHOV  7DQWDOXP
R[LGHVKDYH ORZYDSRUSUHVVXUHV 9RODWLOL]DWLRQKDVEHHQ
UHSRUWHG WRRFFXUDW ORZR[\JHQSUHVVXUHVHJ[3D
DQG KLJK WHPSHUDWXUHV  WR &  9DSRUL]LQJ
VSHFLHV DW WKHVH FRQGLWLRQV DUH 7D2 DQG 7D2  ,QWHUQDO
R[LGDWLRQEHKDYLRU KDV DOVR EHHQ VWXGLHG LQ7 D ORZ
FDUERQ DOOR\ VLPLODU WR 7  7KHVH VWXGLHV ZHUH
FRQGXFWHG LQ R[\JHQ SUHVVXUHV EHWZHHQ [ WR [
3D+DIQLXPR[LGHLVYHU\VWDEOHZLWKQHJOLJLEOHYDSRU
SUHVVXUH7XQJVWHQIRUPVYDULRXVYRODWLOH:2SRO\PHULF
VSHFLHV :H KDYH PHDVXUHG YRODWLOL]DWLRQ IURP WXQJVWHQ
DOOR\V  7KHYRODWLOL]DWLRQRI:2 LVHQKDQFHGE\HYHQ
VPDOODPRXQWVRIZDWHUYDSRU7KHREMHFWLYHVRIWKLVVWXG\
DUHWRFKDUDFWHUL]HWKHQDWXUHRIWKHR[LGHVFDOHVIRUPHGDW
YDULRXV WHPSHUDWXUHVGXULQJ WKHDLU H[SRVXUHV WRTXDQWLI\
PRELOL]DWLRQRI7D:DQG+IDQGYHULI\WKHPHFKDQLVPV
DVVRFLDWHGZLWKWKHPRELOL]DWLRQRIHDFKRIWKHVHHOHPHQWV
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6SHFLPHQVZHUHSUHSDUHGIURPDLQWKLFNSODWHRI
$OOR\ 7  7KH +HDW  ZDV SURGXFHG E\ :DK
&KDQJLQ6SHFLPHQVFP[FP[FP
ZHUHQRPLQDOO\JUDPVDQGKDGDVXUIDFHDUHDRIDERXW
 FP  7KH\ ZHUH SROLVKHG WR D JULW ILQLVK DQG
FOHDQHGZLWKHWKDQRO7KHVSHFLPHQVZHUHWHVWHGLQDFP
GLDPHWHU TXDUW] FKDPEHU KHDWHG LQ D  FP ORQJ PXIIOH
IXUQDFH$LUVXSSOLHGIURPDF\OLQGHUZDVIORZHGWKURXJK
DFROXPQRI'ULHULWHDQGSUHKHDWHGWR&7KHDLUZDV
YHQWHG WR WKH DWPRVSKHUH DW WKH DPELHQW SUHVVXUH DW WKH
,1((/RIDERXWPP+J$IORZUDWHRIRQHOLWHUSHU
PLQXWH 673ZDVPDLQWDLQHG GXULQJ DOO WHVWV  7KLV IORZ
UDWH DQG WKH DWPRVSKHULF SUHVVXUH DW WKH ,1((/ SUHVVXUH
SURGXFHGJDVYHORFLWLHVDWVSHFLPHQVXUIDFHVUDQJLQJIURP
WRPHWHUVSHUVHFRQGRYHUWKHWHPSHUDWXUHUDQJH
RIWR& 7KHJDV WKHQ IORZHG WKURXJKDFP
GLDPHWHUTXDUW] WXEHSDFNHGZLWKTXDUW]ZRRO 7KH ODWWHU
FRPSRQHQWV H[WHQGHG IURP WKH IXUQDFH UHDFKLQJ QHDU
7DEOH7HVWPDWUL[DQGUHVXOWVIURPWDQWDOXPDOOR\7WHVWHGLQDLU
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D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D7KHQRPLQDOPDVVRIWKHVSHFLPHQVLVJE$VVXPLQJOLQHDUR[LGDWLRQNLQHWLFV
DPELHQW WHPSHUDWXUHV DW WKH RXWOHW  7KH VSHFLILF WHVW
WHPSHUDWXUHV DQG WLPHV DUH JLYHQ LQ 7DEOH   7HVW
GXUDWLRQVZHUHYDULHGWRSURYLGHORQJHUH[SRVXUHVDWORZHU
WHPSHUDWXUHV0DVVFKDQJHVRIVSHFLPHQVZHUHPHDVXUHG
7KHR[LGL]HGVSHFLPHQVZHUHH[DPLQHGDQGSKRWRJUDSKHG
&URVV VHFWLRQV RI VHOHFWHG VSHFLPHQV ZHUH SUHSDUHG DQG
PHWDOORJUDSKLFDOO\ H[DPLQHG  2[LGL]HG VSHFLPHQV DQG
VSDOOHG R[LGHV ZHUH H[DPLQHG XVLQJ VFDQQLQJ HOHFWURQ
PLFURVFRS\ DQG ;5'  3DUWLFOH VL]H GLVWULEXWLRQV ZHUH
REWDLQHG IURP LPDJH DQDO\VLV RI SKRWRPLFURJUDSKV DQG D
&RXOWHU SDUWLFOH VL]H DQDO\VLV V\VWHP  3DUWLFOHV RI R[LGHV
WUDQVIHUUHG WR WKH TXDUW] FRPSRQHQWV ZHUH UHPRYHG DQG
GLVVROYHG ZLWK VROXWLRQV RI K\GURIOXRULF DQG QLWULF DFLG
7KHVH VROXWLRQV ZHUH FKHPLFDOO\ SURFHVVHG DQG DQDO\]HG
E\ ,&3$(6 'LVWULEXWLRQV RIPRELOL]HG HOHPHQWV ZLWKLQ
WKHWHVWV\VWHPZHUHWKXVGHWHUPLQHG
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7KH H[WHQW RI YLVXDOO\ DSSDUHQW R[LGDWLRQ DQG R[LGH
VSDOOLQJIURPVSHFLPHQVDQGLQWKHWHVWFKDPEHUVSURYLGHG
LQVLJKW LQWR PRELOL]DWLRQ UDWHV  7KH VSHFLPHQ WHVWHG DW
& KDG D YHU\ WKLQ GDUN R[LGH  7UDQVLWLRQ WR DQ
DGYDQFHGVWDJHRIR[LGDWLRQDV LQGLFDWHGE\DYROXPLQRXV
OLJKW \HOORZ R[LGH VWDUWHG WR IRUP DW RQH HGJH  7KH
VSHFLPHQH[SRVHGDW&KDGGHYHORSHGDFRPSOHWHVFDOH
RI\HOORZR[LGH7KHIODWVLGHVDQGHGJHVKDGVSDOOHGRIIDV
ODUJHSLHFHV7KHUHZDVDOVRDIDLUDPRXQWRIR[LGHSRZGHU
UHOHDVHG IURP EHQHDWK WKH VFDOH  6RPH SDUWLFOHV RI WKLV
R[LGHZHUHDSSDUHQWLQWKHWHVWFKDPEHU7KH\HOORZR[LGH
WKDW GHYHORSHG RQ WKH VSHFLPHQ DW & KDG WXUQHG
FRPSOHWHO\LQWRSRZGHU6RPHRIWKLVSRZGHUZDVSUHVHQW
LQWKHUHDFWLRQFKDPEHU7KHVSHFLPHQWHVWHGIRUKRXUV
DW&GHYHORSHGDPPWKLFNR[LGHVFDOH7KHVLGHV
DQGHGJHVVSDOOHGRIIDV ODUJHSLHFHVUHYHDOLQJDPP
WKLFN GDUN JUD\ FRUH  7KLV VKRZHG WKDW WKH YROXPH
H[SDQVLRQ DV WKH PHWDO FRQYHUWHG WR R[LGH ZDV DERXW D
IDFWRURI IRXU 6RPH ILQH \HOORZLVKSRZGHUZDV UHOHDVHG
DORQJZLWKVRPHODUJHUIODWJUD\LVKSDUWLFOHVIURPWKH]RQH
QHDU WKH R[LGH WR PHWDO LQWHUIDFH  /HVV RI WKH ILQH
\HOORZLVK SRZGHU ZDV UHOHDVHG ZKHQ WKH R[LGH VFDOHV
VSDOOHGIURPVSHFLPHQVH[SRVHGDW&DQG&7KH
SLHFHVRIVFDOHDSSHDUHGWREHVLQWHUHGLQWRDKDUGHUR[LGH
2[LGH VFDOHV UHPDLQHG PRVWO\ LQWDFW DIWHU WKH VKRUWHU
H[SRVXUHV RI  DQG  KRXUV DW & DQG &
UHVSHFWLYHO\  7KH IODW VXUIDFHV RI WKH VSHFLPHQV UHPDLQ
OLJKW JUD\LVK LQ FRORU DQG DSSHDUHG SDUWLDOO\ WUDQVOXFHQW
7KLV VXJJHVWV WKDW WKH\ DUH VRPHZKDW GHQVH DQG DGKHUHQW
RQWR WKHPHWDO FRUH<HOORZLVK R[LGH KDG IRUPHG RQO\ DW
WKHFXVSVKDSHGUHJLRQVRIKLJKHUR[LGDWLRQDW WKHFRUQHUV
RIWKHVSHFLPHQ7KHUHZHUHRQO\PLQRUDPRXQWVRIR[LGH
SDUWLFOHV HYLGHQW LQ WKH TXDUW] WHVW FKDPEHUV  $ EODFN
GHSRVLWIRUPHGRQWKHIURQWHQGRI WKHTXDUW]ZRROGXULQJ
WKH & WHVW  7KLV ZDV WKH RQO\ WHVW WR VKRZ VXFK
YLVXDOO\DSSDUHQWGHSRVLWGRZQVWUHDPIURPWKHVSHFLPHQ
7KHDPRXQWRIR[LGDWLRQZDVREWDLQHGIURPFKDQJHVLQ
PDVV DQG WKLFNQHVV RI WKH PHWDO FRUH REVHUYHG ZLWK
PHWDOORJUDSK\0DVVFKDQJHVVKRZLQJR[\JHQSLFNXSDUH
JLYHQLQ7DEOH7KHVHYDOXHVKDYHEHHQXVHGWRFDOFXODWH
DYHUDJHEXONUDWHVRIR[\JHQSLFNXSJKDVVXPLQJOLQHDU
NLQHWLFV DQGRYHUDOO DYHUDJHR[\JHQ FRQWHQWV DW 7KH
DYHUDJH UDWHV RI R[\JHQ SLFNXS LQFUHDVHG SURJUHVVLYHO\
ZLWKWHPSHUDWXUHH[FHSWIRUWKHWHVWDW&7KHR[\JHQ
SLFNXSRIJRUUDWHRIJKDW&ZDVOHVV
WKDQRQHWKLUGRI WKDWPHDVXUHGDW& 7KLVGLIIHUHQFH
FDQQRWEHH[SODLQHGE\DSRVVLEOHORVVRIVRPHRIWKHILQH
SRZGHU\R[LGH2QO\WRPJRIWDQWDOXPSOXVWXQJVWHQ
ZDV UHFRYHUHG IURP WKH WHVW FKDPEHUV DQG PHDVXUHG E\
,&3$(6 IRU WKHVH WZR WHVWV  7KH GLVFRQWLQXRXV WUHQG
LQVWHDG DJUHHV ZLWK LQIOHFWLRQV LQ WKH WHPSHUDWXUH
GHSHQGHQFHRIR[LGDWLRQ UDWHVREVHUYHG IRU7DDQG1EE\
RWKHUVWXGLHV 7KH WUDQVIRUPDWLRQRIPHWDOOLF VXER[LGH
SKDVHV WR SHQWR[LGHV KDV EHHQ VXJJHVWHG DV D SRVVLEOH
UHDVRQ IRU WKLV EHKDYLRU  7KH R[\JHQ LQ WKH WKLQ OD\HU
IRUPHG DW & ZDV OHVV WKDQ DW RI WKH VSHFLPHQ
PDVV  7KH VSHFLPHQ WHVWHG DW & ZLWK DQ R[\JHQ
FRQWHQWRIDWZDVWKHPRVWFRPSOHWHO\R[LGL]HG7KLV
VXJJHVWVWKDWPXFKRIWKHR[LGHZDV7D2VLQFH WR
SHUFHQWRIWKHVSHFLPHQFRUHZDVQRWFRPSOHWHO\R[LGL]HG
&URVV VHFWLRQV VKRZHG HYLGHQFH RI LQWHUVWLWLDO JDV
GLIIXVLRQ LQWR WKH DOOR\ LQ DGGLWLRQ WR UHYHDOLQJ R[LGH
VFDOHV  7KH KLJK DGVRUSWLRQ GLIIXVLRQ DQG VROXELOLW\ RI
R[\JHQDQGDOVRQLWURJHQ LQWR WDQWDOXPDUHZHOONQRZQ
2[\JHQ GLVWULEXWLRQV DQG LQFUHDVHV LQ KDUGQHVV KDYH DOVR
EHHQ SUHVHQWHG LQ WKH VWXGLHV RQ DOOR\ 7  :H
GHWHUPLQHG GLDPRQG S\UDPLG KDUGQHVV SURILOHV IURP WKH
HGJH WR WKH FHQWHU RI VSHFLPHQV XVLQJ D  JUDP ZHLJKW
7KHVH KDUGQHVV SURILOHV IRU WKH VSHFLPHQV WHVWHG DW 
 DQG °& DUH VKRZQ LQ )LJXUH   $OO VSHFLPHQV
VKRZHGDQLQFUHDVHLQKDUGQHVVGXHWRDQDSSDUHQWLQZDUG
GLIIXVLRQ RI VRPH LQWHUVWLWLDO  7KH PHDVXUHPHQWV ZLWKLQ
 PP RI WKH VXUIDFH ZHUH VLJQLILFDQWO\ KLJKHU  7KH
GHSWKRIGLIIXVLRQH[WHQGHGWRDERXWPPLQWKH°&
VSHFLPHQ0LFURKDUGQHVVUHDGLQJVWKHQUHPDLQHGFRQVWDQW
IURP WKHUH WR WKH FHQWHU RI WKH VSHFLPHQ 0LFURKDUGQHVV
FRQWLQXRXVO\GHFUHDVHGIURPWKHVXUIDFHWRWKHFHQWHURIWKH
VSHFLPHQ IRU WKH °& WHVW  7KH YDOXHV DW WKH FHQWHU
DSSURDFKHG WKRVH RI WKH EDVH PDWHULDO DW °&  7KH
KLJKHVW QHDUVXUIDFH KDUGQHVV ZDV REVHUYHG LQ WKH
VSHFLPHQWHVWHGDW°&7KHKDUGQHVVWKHQGHFUHDVHGWR
QHDUO\ FRQVWDQW YDOXHV DW D GHSWK RI  WR PP7KH
KDUGQHVV QHDU WKH FRUH UHPDLQHG KLJKHU WKDQ WKDW RI WKH
RWKHUWZRVSHFLPHQV2XUKDUGQHVVSURILOHVIRUWKHDQG
°& H[SRVXUHV DJUHH FORVHO\ ZLWK WKRVH REWDLQHG E\
6WHFXUDIURPVSHFLPHQVGRSHGZLWKWRDWR[\JHQ
DW°&7KHKDUGQHVVSURILOHREWDLQHGE\6WHFXUDIURPD
VSHFLPHQ GRSHG ZLWK  DW  R[\JHQ DQG WKHQ YDFXXP
DQQHDOHG IRU WZRKRXUVDW°&PDWFKHVERWK WKH VKDSH
DQGPDJQLWXGHRI WKHSURILOH IURPRXU°& WHVW H[FHSW
IRU WKHRXWHUPRVW ORFDWLRQ 5HIHUHQFHGLGQRW VKRZ WKH
KLJKQHDUVXUIDFHKDUGQHVV VLQFHR[\JHQZDVQRW VXSSOLHG
GXULQJ WKH YDFXXP DQQHDO  ;5' DQDO\VLV RI H[WUDFWHG
SUHFLSLWDWHV IURP 5HIHUHQFH  DOVR VKRZHG WKDW DVGRSHG
VSHFLPHQV FRQWDLQHGSULPDULO\ WDQWDOXPR[LGHV DQGPLQRU
DPRXQWVRIWXQJVWHQDQGKDIQLXPR[LGHV $IWHUDQQHDOLQJ
DW°&WKHSUHFLSLWDWHVZHUHSULPDULO\KDIQLXPR[LGHV
'XHWRWKHVLPLODULWLHVLQKDUGQHVVZLWKRXU°&WHVWZH
PLJKWH[SHFWWKDWKDIQLXPR[LGHVPD\DOVREHLQVWUXPHQWDO
IRUWKHKLJKHUKDUGQHVVYDOXHVQHDUWKHFHQWHUFRPSDUHGWR
WKHDQG°&VSHFLPHQV/LXHWDOUHODWHGKDUGQHVV
LQFUHDVHV ZLWK R[\JHQ FRQWHQW EXW UHSRUWHG VRPHZKDW
IODWWHU KDUGQHVV SURILOHV  7KLVPD\ KDYH EHHQ GXH WR WKH
XVHRIWKLQQHUVSHFLPHQVDQGORZHUR[\JHQSUHVVXUHV
$ FRQVHTXHQFH RI R[\JHQ XSWDNH DQG LQFUHDVHG
KDUGQHVVLVDQLQFUHDVHLQEULWWOHQHVV:HREVHUYHGFUDFNV
LQ WKH KDUGHQHG RXWHU UHJLRQV LQ WKH VSHFLPHQV  7KHVH
UHJLRQVDSSHDUHGDV IHDWXUHOHVV]RQHV LQ WKH DOOR\EHQHDWK
WKHR[LGHVFDOHVZLWKRSWLFDOPLFURVFRS\DQG6(07KHVH
]RQHVZHUHDERXWPPWKLFNLQWKHVSHFLPHQ WHVWHGDW
°&DQGPPWKLFNLQWKHVSHFLPHQVWHVWHGDWDQG
°&  7KH KLJK R[\JHQ OHYHOV RI LQWHUVWLWLDO RU R[LGH
SUHFLSLWDWHV OLNHO\ LQIOXHQFHG WKH SROLVKLQJ SURFHVV
UHVXOWLQJLQWKHIHDWXUHOHVVDSSHDUDQFH
)LJXUH0LFURKDUGQHVVSURILOHVIRUVSHFLPHQVH[SRVHGDW
DQG°&

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)LJXUH6(0LPDJHVRIWKHVXUIDFHVRI7VSHFLPHQV
D$VSROLVKHGE°&H[SRVXUHIRUKRXUV
6(0UHYHDOHGFKDQJHVLQWKHR[LGHPRUSKRORJ\RQWKH
VSHFLPHQV  )LJXUH  VKRZV D FRPSDULVRQ EHWZHHQ WKH
VXUIDFHV RI DQ XQWHVWHG DVSROLVKHG VSHFLPHQ DQG WKH RQH
WHVWHG DW °& 7KH XQWHVWHG VSHFLPHQ VKRZV GHIRUPHG
VPHDUV IURP SROLVKLQJ  6XFK VPHDULQJ LV LQGLFDWLYH RI
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GXFWLOHPDWHULDO7KHKDUGHUFDUELGHLQFOXVLRQVVWDQGRXWLQ
UHOLHI  7KH 6(0 LPDJH RI WKH VSHFLPHQ WHVWHG DW °&
VKRZVVPDOOPLFURFUDFNVLQODPLQDWHGR[LGHVIRUPHGDORQJ
SUHH[LVWLQJ SROLVKLQJ PDUNV  6(0 VKRZHG SURJUHVVLYH
FKDQJHVWRR[LGHIHDWXUHVZLWKLQFUHDVLQJWHPSHUDWXUH7KH
WRS DQG ERWWRP RI VXUIDFHV RI WKH R[LGH VSDOOHG IURP WKH
VLGHVRIWKHVSHFLPHQDW°&DUHVKRZQLQ)LJXUH7KH
WRSVXUIDFHVKRZVVRPHVPDOOURXQGHGQXFOHLEHJLQQLQJWR
IRUP RQ R[LGH SODWHOHWV 7KH ERWWRP VXUIDFH VKRZV D
IUDFWXUHGVXUIDFHW\SLFDORIDEULWWOHPDWHULDO7KHPDWHULDO
VKRZQ PD\ EH WKH R[LGH VFDOH RU WKH DOOR\ DORQJ WKH
LQWHUIDFHWKDWKDVGLVVROYHGDKLJKDPRXQWRIR[\JHQ7KH
DSSHDUDQFH RI WKLV IUDFWXUH SURPSWV XV WR EHOLHYH WKDW WKH
R[LGHVSDOOHGGXULQJFRROGRZQ$QH[DPSOHRIWKHR[LGH
IRUPHG DW°& LV VKRZQ LQ )LJXUH F  7KH R[LGH
FRQVLVWVRI URXQGFU\VWDOV WRµPLQGLDPHWHU 7KH
VPDOO FU\VWDOV DSSHDU WR EH ERQGHG WRJHWKHU  7KH R[LGH
VHHPV UHODWLYHO\ IUHH RI FUDFNV DQG YRLGV SURYLGLQJ VRPH
LPSHGLPHQW WR PRELOL]DWLRQ DV ZH GLVFXVV ODWHU LQ WKH
LQWHUSUHWDWLRQRIWXQJVWHQ,&3PHDVXUHPHQWV
:H VHOHFWHG WR FKDUDFWHUL]H WKH SRZGHU IURP WKH
°& WHVW WR GXH WR WKH ODUJH DPRXQW WKDW IRUPHG  7KH
6(0LPDJHRIWKHSRZGHULQ)LJXUHVKRZVWKDWWKHUHDUH
GLIIHUHQWW\SHVRISDUWLFOHV :HGHWHUPLQHGDFRXQWEDVHG
VL]H GLVWULEXWLRQ XVLQJ RSWLFDO PLFURVFRS\ DQG LPDJH
DQDO\VHV:HREWDLQHGDJHRPHWULFPHDQGLDPHWHU*0'
RI µP DQG D JHRPHWULF VWDQGDUG GHYLDWLRQ *6' RI
  0DVVEDVHG VL]H GLVWULEXWLRQ PHDVXUHG ZLWK ODVHU
GLIIUDFWLRQ XVLQJ WKH &RXOWHU FRXQWHU VKRZHG ELPRGDO
FKDUDFWHULVWLFV 7KLVPD\EHGXH WR WKHGLIIHUHQW W\SHV RI
SDUWLFOHVRUWKHQRQVSKHULFDOIODNHOLNHIHDWXUHVVKRZQLQ
)LJXUH
:H SHUIRUPHG [UD\ GLIIUDFWLRQ ;5' DQDO\VHV RI
R[LGHV IURP WKH    DQG °& WHVWV  7KH
R[LGHVFDOHZDV LQWDFWRQ WKH VSHFLPHQV WHVWHGDWDQG
°&2[LGHSRZGHUVZHUHXVHGIRUWKHDQDO\VHVIRUWKH
DQG°&H[SRVXUHV$SDWWHUQH[SUHVVHGIRUDVROLG
VROXWLRQ 7D2 IRUPHG IURP WDQWDOXP KHDWHG LQ DLU DQG
R[\JHQ EHWZHHQ  DQG °& SURYLGHG WKH EHVW ILW IRU
WKH °& WHVW  7KHUH ZHUH VRPH XQLGHQWLILDEOH SHDNV
WKDW FRXOG UHVXOW IURP ODWWLFH GLVWRUWLRQ GXH WR GLVVROYHG
R[\JHQ  7KH\ GLG QRW PDWFK SDWWHUQV IRU PHWDOOLF 7D
SKDVHV  'LIIUDFWLRQ SHDNV EHFDPH PRUH GLVWLQFW ZLWK
KLJKHUWHPSHUDWXUHV2WKHUR[LGHSDWWHUQVHJ7D2DQG
7D:2 SURYLGHG IDLU ILW WR WKH SHDNV  7KH
SHQWR[LGHILWWKHVSHFWUXPIURPWKH°&WHVWTXLWHZHOO
:H SUHVHQW DYHUDJH PDVV IOX[ GHWHUPLQDWLRQV RI
WDQWDOXPWXQJVWHQDQGKDIQLXPIURPWKH,&3$(6LQ7DEOH
DVVXPLQJOLQHDUUHOHDVHZLWKWLPH$OWKRXJKWKHUHSRUWHG
IOX[ YDOXHV DUH GHULYHG IURP WHVW FKDPEHU WKH FROOHFWLRQ
WXEH DQG ILOWHU PHDVXUHPHQWV WXQJVWHQ ZDV WKH RQO\
HOHPHQW IRXQG LQ VLJQLILFDQW TXDQWLWLHV EH\RQG WKH WHVW
FKDPEHU  +DIQLXP ZDV RQO\ GHWHFWHG ZLWKLQ WKH WHVW
FKDPEHUDWDQG°&7DQWDOXPPHDVXUHPHQWVZHUH
ZHOO DERYH GHWHFWLRQ OLPLWV H[FHSW IRU WKRVH IRU WKH 
DQG°&WHVWV 7KHVHZHUH WRSHUFHQWDERYH WKH
GHWHFWLRQOLPLW7KHPDVVIOX[GHWHUPLQDWLRQVIRUWXQJVWHQ
ZHUH DOZD\V JUHDWHU WKDQ  WLPHV WKH XQFHUWDLQW\
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)LJXUH   6(0 LPDJHV RI R[LGH VFDOHV IRUPHG RQ 7
VSHFLPHQVH[SRVHGDWDQG°&DDQGEWKHWRS
DQG ERWWRP VXUIDFHV RI VFDOH IURP WKH °& WHVW
UHVSHFWLYHO\F7RSVXUIDFHRIR[LGHIRUPHGDW°&

)LJXUH 3RZGHUUHOHDVHGIURP7VSHFLPHQ WHVWHGDW
°&
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:H KDYH SORWWHG WKH PDVV IOX[ RI WDQWDOXP DQG
WXQJVWHQZLWKUHVSHFWWRWHPSHUDWXUHLQ)LJXUH7KHYDOXH
IRUWXQJVWHQLVDSSUR[LPDWHO\RQHWHQWKRIWKDWIRUWDQWDOXP
DW°&ZKHUHDVWKHPDVVIOX[RIKDIQLXPIURP7DEOHLV
DERXWWZRRUGHUVRIPDJQLWXGHORZHUWKDQWDQWDOXP7KHVH
FRUUHODWLRQV ZLWK DOOR\ FRPSRVLWLRQ VXJJHVW WKDW R[LGH
VSDOOHGZLWKRXWPLJUDWLRQ RXW RI WKH WHVW FKDPEHU  7KHUH
ZDV HYLGHQFH WKDW WXQJVWHQ ZDV DOVR PRELOL]HG E\ D
YRODWLOL]DWLRQ PHFKDQLVP  2QHWKLUG RI WKH WXQJVWHQ
PRELOL]HGDW°&ZDVIRXQGGHSRVLWHGGRZQVWUHDPIURP
WKH WHVW FKDPEHU  $ERXW KDOI RI WKH : PRELOL]HG ZDV
IRXQGGRZQVWUHDPRIWKHWHVWFKDPEHUDW°&DQGDERXW
 SHUFHQW DW °&  ,QFUHDVHG WXQJVWHQ YRODWLOL]DWLRQ
DERYH °& DJUHHV ZLWK D UHSRUW RI D ZKLWH FRQGHQVDWH
IRUPHGIURP7DW°&E\6WHFXUD7KHFRQGHQVDWH
ZDVLGHQWLILHGDV:2
:H KDYH FRPSDUHG WKH PDVV IOX[ RI WXQJVWHQ DQG
WDQWDOXP IURP WKH 7 DOOR\ ZLWK YDOXHV IURP RXU
SUHYLRXV VWXG\ RI DLU R[LGDWLRQ RI D SRZGHU PHWDOOXUJ\
30SURGXFW7KH30SURGXFWFRQWDLQHGDQGZW
WXQJVWHQ DQG WDQWDOXP UHVSHFWLYHO\ )LJXUH  VKRZV WKDW
WKHPDVVIOX[RIWXQJVWHQZDVTXLWHFRPSDUDEOHIRUWKHWZR
GLIIHUHQWVWXGLHVDW°&LQVSLWHRIWKHIDFWWKDW7KDV
RQHWHQWK DV PXFK WXQJVWHQ  0HDVXUHPHQWV IURP WKH
7 KRZHYHU DUH DERXW WZR RUGHUV RI PDJQLWXGH
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)LJXUH0DVVIOX[RIWDQWDOXPDQGWXQJVWHQIURP7
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)LJXUH   0DVV IOX[ RI WXQJVWHQ IURP 7 DQG D
SUHYLRXVO\WHVWHG30SURGXFWVZLWKZWWXQJVWHQ
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)LJXUH  0DVV IOX[ RI WDQWDOXP IURP 7 DQG D
SUHYLRXVO\WHVWHG30SURGXFWVZLWKZWWDQWDOXP
ORZHUDERYH°& 7KLVDJUHHVZLWK WKH WHPSHUDWXUHV DW
ZKLFKZHREVHUYHG VLJQLILFDQW R[LGH IRUPDWLRQ RQ7
3HUKDSV PXFK RI WKH :2 YRODWLOL]DWLRQ RFFXUUHG GXULQJ
WKHLQLWLDOVWDJHVRIWKHWHVWDQGRQFHDQR[LGHVFDOHIRUPHG
WKLVSURFHVVZDV LPSHGHGE\R[LGH VFDOHV VLPLODU WR WKRVH
VKRZQ LQ )LJXUH   7KH SORWV IRU WDQWDOXP PDVV IOX[ LQ
)LJXUH  VKRZ D GLIIHUHQW WUHQG  7KH YDOXHV RI WDQWDOXP
PRELOL]DWLRQ IRU WKH 30 SURGXFW ZLWK RQO\  ZW 7D
H[FHHG WKRVH IURP 7 DERYH °&  &RQVLGHULQJ WKH
DSSDUHQW OLQN EHWZHHQ WDQWDOXP PRELOL]DWLRQ ZLWK R[LGH
VSDOOLQJ WKH SUHYLRXV UHVXOWV PXVW VRPHKRZ EH UHODWHG WR
WKHVSDOOLQJFKDUDFWHULVWLFVIURPWKHWXQJVWHQ30SURGXFW
,9&21&/86,216
:H KDYH IRXQG PRELOL]DWLRQ SURFHVVHV LQ WDQWDOXP
DOOR\7WREHOLQNHGWRWKHFKDUDFWHURIWKHR[LGH7KH
GHYHORSPHQW DQG JURZWK RI R[LGHV RQ WDQWDOXP DUH
FRPSOH[ DQG GHSHQG XSRQ WLPH WHPSHUDWXUH DQG R[\JHQ
SUHVVXUH2[LGHVSDOOLQJDSSHDUVWREHDPDMRUFRQWULEXWRU
WRWKHPRELOL]DWLRQSURFHVV:HEHOLHYHWKDWODUJHSLHFHVRI
R[LGHVFDOHDQGR[LGHSDUWLFOHVJHQHUDOO\IRUPGXULQJFRRO
GRZQ 2[LGHVDSSHDU WREHVLQWHUHG LQWRDKDUGHUVFDOHDW
KLJKHU WHPSHUDWXUHV  7KLV UHVXOWV LQ ODUJHU SLHFHV EHLQJ
VSDOOHGZLWKOHVVSDUWLFXODWHEHLQJJHQHUDWHG:HREVHUYHG
D PD[LPXP LQ WKH DPRXQW RI SDUWLFXODWH JHQHUDWHG IURP
DOOR\ 7 DW  DQG °&  7KH PRELOL]DWLRQ RI
WDQWDOXP DQG KDIQLXP LV OLQNHG WR WKLV VSDOOLQJ SURFHVV
$OWKRXJK ZH REVHUYHG DQ DEXQGDQFH RI VPDOO IODNHOLNH
SDUWLFOHVWKH\ZHUHQRWWUDQVSRUWHGRXWRIWKHWHVWFKDPEHU
7XQJVWHQ ZDV PRELOL]HG QRW RQO\ E\ VSDOOLQJ EXW
VKRZHGDQLQFUHDVLQJFRQWULEXWLRQIURPYRODWLOL]DWLRQZLWK
LQFUHDVLQJWHPSHUDWXUH 9RODWLOL]DWLRQSOD\HGDVLJQLILFDQW
UROH HYHQ DW WKH ORZHVW WHPSHUDWXUH RI °&  7KLV PD\
RFFXU SULRU WR WKH IRUPDWLRQ RI WKH WDQWDOXP R[LGH VFDOH
7KHPDVVIOX[DWWKLVWHPSHUDWXUHZDVDFWXDOO\YHU\FORVHWR
WKDWZKLFKZHREVHUYHG IURPDSUHYLRXVO\ WHVWHG WXQJVWHQ
DOOR\  7KH YRODWLOL]DWLRQ RI WXQJVWHQ DFWXDOO\ GHFUHDVHV
UHODWLYH WR LWV PRODU FRQFHQWUDWLRQ LQ WKH DOOR\ DW KLJKHU
WHPSHUDWXUHV 7KLV VXJJHVWV WKDW DQ HQKDQFHGR[LGH VFDOH
VORZHGGRZQWKHYRODWLOL]DWLRQSURFHVVRIWXQJVWHQIURPWKH
DOOR\
:H KDYH GHWHUPLQHG PDVV IOX[ YDOXHV IRU WDQWDOXP
KDIQLXP DQG WXQJVWHQ IURP WKH 7 DOOR\  7KHVH GDWD
FDQEHXVHGWRHVWLPDWHPRELOL]DWLRQDQGDFWLYDWHGSURGXFW
UHOHDVHV +RZHYHU VLQFH WKHSURFHVVHV DUH ODUJHO\GULYHQ
E\ R[LGDWLRQ VSDOOLQJ SRWHQWLDO LQIOXHQFHV RI WKHUPDO
F\FOLQJ ZLWK DGGLWLRQDO SDUWLFXODWH IRUPDWLRQ VKRXOG EH
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